This paper examines how technology transfer within U. S. multinational firms changes in response to a series of IPR reforms undertaken by sixteen countries over the 1982-1999 period. Analysis of detailed firm-level data reveals that royalty payments for technology transferred to affiliates increase at the time of reforms, as do affiliate R&D expenditures and total levels of foreign patent applications. Increases in royalty payments and R&D expenditures are concentrated among affiliates of parent companies that use U. S. patents extensively prior to reform and are therefore expected to value IPR reform most. For this set of affiliates, increases in royalty payments exceed 30 percent.
I. INTRODUCTION
Over the past twenty years, there has been a global trend toward stronger intellectual property rights (IPR).
1 By the mid1990s, a minimum standard set of globally enforced intellectual property rights had been enshrined in the WTO Charter through the incorporation of the Agreement on Trade-Related Aspects of Intellectual Property Rights. The shift in international economic policy-making from its traditional postwar focus on the lowering of tariff and nontariff trade barriers to the embrace of strong IPR is deeply controversial. Lanjouw [1997] and McCalman [2001] , among others, have argued that the move toward stronger IPR in developing countries may work against national economic interests, transferring rents to multinational corporate patent holders headquartered in the world's most advanced countries, especially the United States. IPR advocates counter that strengthening IPR will induce more innovation in the global economy, thereby fostering more rapid economic growth.
2 Furthermore, these advocates claim that even if the additional innovation is mostly concentrated in advanced countries, a strengthening of IPR will accelerate the transfer of technology between countries, ensuring that all countries benefit.
In this paper we attempt to assess this latter claim. We use affiliate-level data on U. S. multinational firms and aggregate patent data to test whether legal reforms that strengthen IPR increase the transfer of technology to multinational affiliates operating in reforming countries. Throughout the 1980s and 1990s a number of countries undertook substantial reforms of their patent systems. We find that royalty payments for the use or sale of intangible assets made by affiliates to parent firms, which reflect the value of technology transfer, increase in the wake of strengthened patent regimes. This increase is concentrated among the affiliates of firms that make extensive use of U. S. patents prior to reform and is more than 30 percent for this subsample.
The interpretation that IPR reform results in an increase in technology transfer among U. S. multinationals is strengthened by the fact that R&D spending by affiliates-usually viewed as a complement to technology imports from the parent-increases after IPR reform. Both the level and growth rate of nonresident patenting also increase in the postreform period, and these changes provide additional indications that at least one component of the observable increase in licensing flows is associated with the introduction of new technology following patent reform.
Consistent with earlier work, we find no corresponding reaction in resident patent filings. Collectively, our results provide evidence that improvements in IPR result in real increases in technology transfer within multinational enterprises.
Existing empirical work that analyzes the impact of IPR reforms has a number of shortcomings. Many studies consider reactions to specific changes in the IPR regime of a single country, which raises concerns about whether their results generalize. In addition, these studies focus on the impact of stronger IPR on domestic innovation, omitting analysis of technology transfer.
3 Lerner [2002a Lerner [ , 2002b analyzes changes in patenting activity of foreign and domestic issuers following patent reforms in 60 countries over a 150-year period. He finds an increase in patenting activity among foreigners, which is suggestive of increased technology transfer, but he does not directly examine technology transfer, nor does he study the heterogeneity of responses across firms.
Other empirical work has tried to identify the effects of IPR reform by analyzing the cross-sectional relationship between IPR and measures of international trade and investment at the country level, finding a strong positive effect of IPR on trade, but a less clear effect of IPR on FDI. 4 This work suffers from the usual problems that affect cross-country regressions. The measures of IPR utilized do not generally take into account the effectiveness of enforcement, they are highly correlated with other important country characteristics, and they have limited time-series variation. Since FDI data are typically not disaggregated, even by industry, it has also not been possible to look at the impact of IPR reform on the composition of multinational activity.
5 Further-3. Evidence on the impact of stronger IPR on domestic innovation is mixed. Scherer and Weisburst [1995] , Bessen and Maskin [2000] , Sakakibara and Branstetter [2001] , and Lerner [2002a Lerner [ , 2002b find no positive impact, while Kanwar and Evenson [2001] and Chen and Puttitanum [2005] do find such an effect.
4. For example, Maskus and Penubarti [1995] found a strong positive effect of IPR on imports, and Smith [1999 Smith [ , 2001 reports results that are consistent with a role for IPR in encouraging U. S. exports. In looking at the effect of IPR on FDI, Maskus and Eby-Konan [1994] find no effect; Maskus [1998] , however, points out that studies that consider FDI in isolation may not be conclusive because investment is only one part of the broader set of decisions that a multinational firm makes in entering a market. He reports regressions that are consistent with a positive effect of IPR on FDI, but only for more developed countries. Yang and Maskus [2001] examine the impact of IPR on technology licensing. 5. One recent exception is Javorcik [2004] , who examines the composition of FDI in Eastern Europe in the 1990s and relates this composition to differences across countries in IPR regimes. Because this study focuses on a small number of countries in a single region of the developing world, natural questions arise about the extent to which these findings can be generalized outside the regional context.
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more, much of this literature addresses the crucial issue of the impact on technology transfer only indirectly, if at all. 6 In our examination of the impact of stronger IPR on international technology transfer within multinational firms, we are able to bring to bear considerably richer data than have been used by prior researchers. Firm and affiliate-level data for multinationals operating in multiple countries allow us to deal more effectively with issues of causality and identification. As a consequence, we are able to offer the strongest evidence to date for the proposition that stronger IPR enhances at least one kind of international technology transfer.
The rest of this paper is structured as follows: Section II puts forth the hypotheses we test and our empirical specifications. Section III describes the data, and Section IV discusses the results. Section V concludes with a brief explanation of the implications of our results for the ongoing international policy debate as well as the economics literature.
II. INTELLECTUAL PROPERTY RIGHTS AND TECHNOLOGY TRANSFER
One of the potential benefits of strengthening intellectual property rights is that such protections may induce foreign firms to produce and sell technologically advanced goods in the reforming country. Surveys of multinational managers suggest that technology transfer within multinational firms is sensitive to the perceived strength of IPR protection.
7 When a firm transfers sensitive technology to an affiliate, it generally has to instruct local engineers and other local skilled workers concerning key elements of its technology. Some of these elements may have been deliberately withheld from the firm's patents, in the United States and in the foreign country, in order to prevent other parties from being able to copy its technology simply by reading its patents. When it transfers this knowledge to local employees, 6 . Much of the recent literature on international technology diffusion, reviewed in Keller [2004] , ignores the potential impact of changes in intellectual property rights on knowledge spillovers.
7. We note, among other studies, the survey research of Lee and Mansfield [1996] in which a large sample of U. S. multinationals identified countries to which they would not transfer their latest, most useful technologies, even if the transfer was done within the firm. In the same study, managers made it clear that they generally sought to avoid the transfer of strategically sensitive technology to unaffiliated parties, regardless of the perceived strength of the IPR regime. The reluctance to license strategically sensitive technology outside the firm has been confirmed in our own conversations with multinational managers.
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there is a risk that these employees will defect to a local manufacturer, taking sensitive technology with them. These employees are able to combine the patented and unpatented elements of the firms' technology, effectively competing with it in the local market.
8
In a weak IPR environment the multinational firm has little recourse. In the context of a stronger IPR environment with good patent protection, the firm can prevent the infringing firm from using the patented components of its technology. In addition, a number of the patent reforms examined below explicitly included new protection of trade secrets or strengthened existing protection.
Basic intuition suggests that if IPR regime shifts have a material impact on true intellectual property protection, then there should be an increase in the value of technology flows from parents to affiliates following regime changes. It is possible to test for this effect using regressions of the form,
where l indexes the individual affiliate, i the affiliate's parent firm, j the affiliate's host country, and t the year. The dependent variable measures the volume of intrafirm royalty payments for intangible assets-our proxy for technology transfer. The key variable of interest is R jt , the postreform dummy variable, equal to one in the year of and years following patent reform in country j. The specification contains a number of controls including timeinvariant fixed effects for the parent-affiliate pair (␣ il ), year fixed effects for the entire sample (␣ t ), and a vector of country-specific time trends ( y jt If any observed increase in the value of technology flows from parent firms to affiliates results from improved IPR protection (and not, for example, from correlated reforms), the effect should be largest for firms that value patent protection the most. In order to study the differential effects of patent reforms across firms, affiliates are split into two groups according to the extent to which their parents use U. S. patents prior to the reform. Affiliates of parents that, over the four years prior to a particular reform, average at least as many U. S. patent applications as the parent of the median affiliate in the reforming country over the same period are assigned a high patent use dummy, Pat il , equal to one. For other affiliates that have parents that can be matched to the NBER patent database, Pat il equals zero. 10 This dummy variable is interacted with the postreform dummy variable to assess the differential effect of reform on the affiliates of high patent parents.
Changes in the value of licensing payments could reflect changes in the volume of technology transferred or merely changes in the price charged for that technology. Analyzing changes in the R&D expenditures of affiliates is helpful in distinguishing between these two possibilities. There is a considerable body of work that details the relationship between affiliate and parent-firm R&D.
11 U. S.-based multinationals do undertake some basic and applied research abroad. However, this is concentrated in only the most advanced countries where the local scientific and engineering community is highly accomplished and the infrastructure for frontier research is well-developed. R&D conducted by affiliates in less developed countries, which account for almost all of the countries in our sample, is focused on the absorption of parent firm technology and on its modification for local markets. 12 The literature review presented in Kuemmerle 10. Alternative ways of specifying Pat il yield similar results. A four-year window is used in these calculations because the sample begins in 1982 and the first reform occurs in 1986.
11. For an early study on this topic, see Mansfield, Teece, and Romeo [1979] . Kuemmerle [1999] provides a survey of the literature as of 1999.
12. Our patent data allow us to identify where inventions for which U. S. patent protection is sought were generated. We can thus get a rough sense of the extent to which R&D in affiliates based in our sample of countries was devoted to
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[1999] lists a number of studies that provide evidence that the co-location of R&D with foreign manufacturing facilitates the "transfer of knowledge and prototypes from the firm's home location to actual manufacturing." Affiliate R&D and technology transfer from the parent may thus be considered complements, so that IPR reform should also generate an increase in R&D spending. To test whether this is the case, we use variations of specification (1) that employ measures of the level of R&D spending conducted by individual affiliates as dependent variables.
If multinationals do change the volume of technology transferred in a sustained manner and if these changes are a consequence of stronger IPR, then this should also be reflected in the data on foreign patenting in reforming countries. 13 A foreign multinational has little incentive to incur the costs of preparing and filing patent applications in a country where patent law or enforcement is weak-and firms anticipate this. After IPR reform, multinationals may have an incentive to file patents primarily for the technologies already employed in the country. This would imply that reform would only generate a temporary increase in foreign patent filing that falls off as firms completed protecting the portfolio of technologies used prior to reform. However, if reforms induce multinationals to transfer new technologies into the country on an ongoing basis, both the level and growth rate of foreign patenting should increase after reform. Specifications that test these predictions take the form,
The dependent variable measures the number of patents filed by domestic or foreign applicants in country j in year t. We estimate (2) separately for domestic and foreign patenting in the countries that underwent IPR reform. Patent applications in year t are a function of country (␣ j ) and year (␣ t ) fixed effects, a vector of modification of existing products (which would produce few patents) as opposed to research designed to advance the technological frontier (which would produce many patents). We find that the ratio of R&D spending to U. S. patents produced for foreign affiliates in countries other than Japan (a highly advanced country) is 8.4 times higher than the ratio for the domestic R&D operations of the parent firm. This strongly suggests that the nature of R&D at home and abroad is qualitatively very different and confirms that the characterization of affiliate R&D activity in the literature holds for our sample firms. We also note that our results on affiliate R&D are robust to dropping Japan from the sample of reforming countries. 13. In an influential paper, Eaton and Kortum [1996] use international patenting data to measure international technology transfer.
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country-specific time trends ( y jt ), as well as host country characteristics (H jt ). This specification yields estimates of the effect of reform on both the level of patenting and its growth rate, which is captured by the coefficient on the interaction term of the reform dummy and a time trend that is equal to the number of years that have passed relative to the reform year (T jt ).
III. DATA SOURCES
III.A. Data from BEA Surveys
Annual data on U. S. multinational firms over the 1982-1999 period come from the U. S. Bureau of Economic Analysis (BEA) Survey of U. S. Direct Investment Abroad and the Balance of Payments Survey.
14 In addition to reporting extensive information on measures of parent and affiliate operating activity including R&D expenditures, multinationals must also report the value of royalties paid by affiliates to parents for the sale or use of intangible property. Royalty payments are reported at the affiliate level, and they include payment for industrial products and processes, which capture technology licensing fees, as well as franchise fees, fees for the use of trademarks, and payments for other intangibles. In 1989 the BEA collected data on technology licensing fees specifically. In that year the value of technology licensing fees accounted for more than 88 percent of total royalty payments, indicating that it is appropriate to use aggregate royalty payments as a proxy for the value of technology transfers.
15
One concern with the use of royalty payments to proxy for the transfer of technology worth noting is that it only captures the value of transfers that firms report. If firms have discretion with respect to reporting when IPR is weak, any observed increases in royalties 14. The forms that firms are required to complete vary depending on the year, size of the affiliate, and U. S. parent's ownership stake. The most extensive data are collected in benchmark years : 1982, 1989, 1994, and 1999 . BEA uses reported data to estimate universe totals when surveys cover only larger affiliates or when only certain affiliates provide information on particular survey forms. To avoid working with estimated data, only affiliates required to provide all the information associated with a particular analysis are considered in this paper. Additional information on the BEA data can be found in Mataloni [1995] .
15. It is important to note that our methodology does not require that the recorded intrafirm technology transfers be a full, complete accounting of the value of technology, broadly defined, that is provided by the parent to the affiliate. Recall that we are basing our identification on changes over time for individual affiliates. It is only necessary that the recorded numbers be roughly proportional to actual transfers, and that the factor of proportionality not change at the time of patent reform.
328
QUARTERLY JOURNAL OF ECONOMICS
could merely reflect increases in the extent to which firms report royalties at the time of patent reform. There are three main reasons such changes in reporting are unlikely to affect our results.
First, Section 482 of the U. S. tax code and similar legislation in countries abroad require U. S. multinationals to make royalty payments for the transfer of technology and impose constraints on how transfers are valued. These laws generally demand that firms ascribe a value to transfers that would be realized in an arm's-length setting, and U. S. and foreign governments have opposing incentives to ensure that royalties are not set at rates that are excessively high or low.
Second, U. S. multinationals typically transfer similar technology to different parts of the world, and they charge the same royalties for transfers going to different locations, irrespective of the strength of patent law, to avoid IRS scrutiny. In most multinationals, transfers of technology and the royalty payments they trigger are centrally managed, and parent firms keep careful internal records in order to track how their technology is being deployed around the world. Audits by tax authorities are common, and if a U. S. audit is undertaken, the IRS carefully examines any cases in which a firm receives royalty flows that imply that similar transfers receive distinct reporting treatment in different countries. To avoid such scrutiny, firms generally apply the same royalty charges for transfers regardless of where the transfers occur. 16 Finally, to the extent firms do have discretion in reporting royalties, tax considerations would factor prominently in reporting decisions, and these considerations would not necessarily encourage firms to report lower royalties before reform. To avoid tax payments, multinationals prefer to report profits in low tax jurisdictions. Parent companies therefore have the incentive to set low royalty rates for transfers to low tax countries. However, they also have the incentive to set high royalty rates for transfers to high tax jurisdictions, thereby shifting profits back to the relatively low-taxed U. S. parent. Hines [1995] , Grubert [1998] , and Collins and Shackelford [1998] present evidence that firms respond to the tax incentives to keep royalties off the books in low tax jurisdictions by adjusting their real activity or their reporting.
16. We thank accountants at the Big Four accounting firms for providing us with a detailed understanding of the accounting treatment of royalties and technology transfers.
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These papers indicate that host country income tax rates and withholding tax rates can be used to control for the effects of tax incentives on reported intrafirm royalties; we use these tax variables as controls in our econometric specifications. In addition, robustness tests described in subsection IV.A provide evidence against the hypothesis that increases in royalties around the time of patent reform are focused in low tax countries where the incentives to underreport prior to reform are strongest.
The use of reported R&D expenditures from different countries also raises some important issues. Although data on R&D expenditures from firms based in different countries are subject to concerns about comparability, the BEA survey requires all affiliates, regardless of location, to account for R&D expenditures in the same way. FASB guidelines for reporting R&D were set in the early 1970s and have not been substantively changed over the course of our sample period. A second issue is that scientific and engineering labor costs or other factor prices might differ across countries, and these differences might distort international comparisons of the level of R&D expenditure at a point in time. Our analysis below examines changes over time in affiliate R&D spending in the aftermath of IPR reform, controlling for country and year fixed effects as well as country-specific time trends. Since factor price differentials typically evolve slowly over time, it is unlikely that our results merely capture a sharp contemporaneous movement in the local price of R&D inputs.
III.B. Data from Other Sources
A number of other databases are used to augment the information on U. S. firms in the BEA data. In order to obtain information on parent firm R&D expenditures in years in which this item was not captured in BEA surveys, the BEA data on publicly traded parents are linked to COMPUSTAT using employee identification numbers. To characterize the extent to which firms use the U. S. patent system, parent firm data are also linked to data on patenting activity captured in the NBER patent citation database. 17 This comprehensive database covers all patents granted by the U. S. Patent and Trademark Office (U. S. PTO) throughout the 1982-1999 sample period. Data on patent filings in the countries that undergo patent reform provide additional information on the level of technology being transferred. Data on patent applications, broken out for foreign and domestic applicants over the 1982-1999 period, are primarily drawn from the World Intellectual Property Rights Organization (WIPO). 18 We also utilize host country controls from a variety of sources. Corporate tax rates and withholding tax rates are imputed from the BEA data. 19 Measures of inward FDI restrictions are taken from Brune [2004] , and measures of capital controls come from Shatz [2000] . 20 The trade openness index is drawn from Heston, Summers, and Aten [2002] and GDP per capita from the World Bank, World Development Indicators [2003] . Table I displays descriptive statistics of variables used in the analysis that follows for the benchmark survey years as well as for the entire 1982-1999 period. 21 The sample only includes firms in countries that undertook the IPR regime changes described below. In the most recent benchmark year, 1999, the sample includes more than 5,000 affiliates of more than 1,000 parent companies.
III.C. Patent Reforms
Details of the sample construction, including descriptions of our discussions with local patent experts in reforming countries, can be found in the Appendix associated with this paper, which is available online. 22 We provide an abbreviated discussion here in the interests of space. We began by constructing as exhaustive a 18. Eaton, Kortum, and Lerner [2004] point out that these data may double count some nonresident patent applications. To correct for this, WIPO data from 1991 forward are replaced with the data used in Eaton, Kortum, and Lerner for the sample of countries covered in that paper. We thank Sam Kortum for these data. In addition, we use data drawn from the OECD's Basic Science and Technology Statistics for all years for OECD countries not covered by Eaton, Kortum, and Lerner and for the years prior to 1991 for countries in the Eaton-KortumLerner sample.
19. Corporate tax rates are calculated from BEA data by taking the ratio of foreign income taxes paid to foreign pretax income for each affiliate, and using the medians of these rates as country-level observations for each country and year. Affiliates with negative net income are excluded for the purposes of calculating country tax rates. Withholding tax rates are calculated by taking the ratio of withholding taxes paid to royalty payments made for each affiliate, and using medians of these rates as country-level observations for each country and year.
20. The Brune [2004] measure is drawn from the 2001 version of the index she creates. Host Country Capital Controls is a dummy equal to one when Shatz [2000] classifies openness with respect to both capital and profit remittances at less than 3.
21. Since the size reporting requirements are higher in nonbenchmark years than in benchmark years, means and standard deviations of variables like affiliate sales are larger for the full sample than for each of the benchmark years.
22. Please see http://www.gsb.columbia.edu/faculty/lbranstetter/research/ tech_transfer_appendix. Qian [2004] , as well as countries for which the widely used Ginarte and Park [1997] index of the strength of patent protection showed a significant change. 23 These sources identified an initial list of 42 nations.
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Unfortunately, data limitations sharply constrain the number of reform episodes we can examine using our empirical methodology. We require both pre-and postreform data, and since our affiliate-level data are only available for the period 1982-1999, reforms that fall outside this window must be omitted. We also distinguish the responses of affiliates to IPR reform based on the extent to which their parent firms make use of the U. S. patent system. In order to ensure that such a comparison is meaningful in each reform we examine, we required that there be at least twenty affiliates in manufacturing that report before and after a reform and that can be linked to the patenting entities in the NBER patent citation database.
These data restrictions excluded all but eighteen countries. Extremely poor countries like Ghana, small economies like Iceland, and formerly communist countries like Russia failed to attract sufficient U. S. FDI. Finally, as discussed at length in the Appendix, Canada and Singapore were excluded due to the limited significance of the actual patent reforms undertaken. This leaves us with sixteen countries with sufficient data to estimate the impact of reform. Table II displays the list of patent reforms used in the analysis that follows.
24
Each reform can be classified according to whether or not it expanded or strengthened patent rights along five dimensions: 1) an expansion in the range of goods eligible for patent protection, 2) an expansion in the effective scope of patent protection, 3) an increase in the length of patent protection, 4) an improvement in the enforcement of patent rights, and 5) an improvement in the admin-23. We thank Walter Park for providing us with an update to the data used in his paper.
24. To test whether sample selection decisions affect the results, the main tests of the paper have also been conducted with a broader sample generated by reducing the affiliate count cutoff from twenty to ten affiliates and including Canadian affiliates of firms in the pharmaceutical and foodstuffs industries. As indicated in the Appendix, some might argue that the 1987 reform in Canada was a meaningful reform in these sectors. The main results are robust to using this alternative sample.
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istration of the patent system. There is a surprising degree of similarity in the sixteen reforms, with fifteen out of sixteen exhibiting expansion of patent rights along at least four of the five dimensions listed above. These substantive reforms could have a material impact on intrafirm technology transfer and are well-suited to the empirical approach outlined in Section II. A detailed discussion of the individual reform episodes, their distinctive characteristics, and their common features, is provided in the Appendix.
IV. RESULTS
IV.A. Technology Transfer to Affiliates
To provide a general sense of trends in technology transfer, Figure I displays pre-and postreform averages of the ratio of aggregate royalties to aggregate sales in each country and year. Each of the unshaded bars illustrates the average prereform ratios, and the shaded bars illustrate similar averages for the postreform period. These unconditional averages are suggestive of an increase in the value of royalty payments relative to sales around the time of IPR reform. Furthermore, it is clear that affiliates in the high patent This table provides information about the timing of reforms in the countries that strengthen their intellectual property rights and are included in the sample.
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sample make more extensive use of technology provided by the parent and that the ratio of royalty payments to sales increases by the largest amount for this subsample after reform.
Results of regression analyses of royalty payments made by affiliates located in the reforming countries to their parents based on specification (1) are reported in Table III ; standard errors allow for clustering by country. Columns (1)-(3) report the impact of IPR reform on the log of the value of royalty payments to the parent firm. 25 The specification in the first column is run on the full sample of affiliates; the coefficient on the postreform dummy is positive and significant at the 1 percent level, indicating that 25. A large number of affiliates, particularly those in low-tech industries, report zero values for technology transfer in most years. We thus add 1 to all observations and take the log of the resulting values. This transformation is standard in the older R&D and productivity literature. Robustness checks described in the text remove affiliates that do not make royalty payments from the sample.
FIGURE I Aggregate Royalty Payments/Aggregate Sales
The clear bars indicate the average annual aggregate royalty payment to sales ratio for various samples of affiliates in reforming countries before reforms occur. Averages are calculated as the mean of annual ratios in each country over all years in the prereform period. The shaded bars depict average ratios for the year of and years following reform. The first two bars are for the full sample; the next two for affiliates of parents that cannot be matched to the NBER patent citation database; the third pair of bars are for the sample of affiliates of parents that do not make extensive use of patents in the United States prior to reforms; and the final pair are for affiliates in the high patent use sample. The dependent variable in the first three columns is the log of one plus the value of royalty payments made by affiliates to their parents, and the dependent variable in columns (4)-(6) is the log of one plus the ratio of intrafirm royalty payments to affiliate sales, multiplied by 100. The Postreform Dummy is a dummy equal to one in the year of reform and in the years following the reforms identified in Table II . The High Patent Use Dummy is a dummy that is equal to one for affiliates of parents that over the four years prior to a reform average at least as many patent applications as the parent of the median affiliate in the reforming country. Host Country Corporate Tax Rate and Host Country Withholding Tax Rate are annual median tax rates paid by affiliates in a host country. Host Country Inward FDI Restrictions and Host Country Capital Controls are dummies equal to one when inward FDI restrictions and capital controls exist, and they are drawn from Brune [2004] and Shatz [2000] , respectively. Host Country Trade Openness is the index of constant price openness taken from Heston, Summers, and Aten [2002] . The Log of Host Country GDP per capita is derived from data provided in the World Bank, World Development Indicators [2003] . Log of Affiliate Sales is the log of the value of affiliate sales, and Log of Parent R&D Expenditures is the log of the affiliate's parent R&D expenditures. The Log of Parent System Sales is the log of total sales of the parent and its affiliates. All specifications include affiliate and year fixed effects as well as country-specific time trends. Heteroskedasticityconsistent standard errors that correct for clustering at the country level appear in parentheses.
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intrafirm royalty payments increase at the time of reforms. As additional regressors, all specifications in the table include host country controls, including the corporate income tax rate, the withholding tax rate, indicators of FDI restrictions and capital controls, measures of openness to trade, and the log of GDP per capita.
The specifications in columns (2) and (3) examine the differential effect of IPR reform for affiliates of parents that make more extensive use of patents in the United States. Since these specifications require information on the patent activity of parents, only affiliates of firms that can be linked to firms in the NBER patent database are included. The high patent use dummy is equal to one for affiliates of parents that, over the four years prior to a particular reform, average at least as many U. S. patent applications as the parent of the median affiliate in the reforming country over the same period. The coefficient on the postreform dummy in column (2) is small and insignificantly different from zero, while the coefficient on the postreform dummy interacted with the high patent use dummy is positive, large, and significant at the 1 percent level.
These results imply that the increases in technology transfer as measured by royalty payments that occur around the time of IPR reform are concentrated among affiliates of parents that use patents extensively. These affiliates experience an increase in royalty payments of about 34 percent. This is an annual increase in technology flows from parents to affiliates which, cumulated over several years, implies a substantial increase in the technological intensity of affiliate activity. Similar results are obtained from the specification presented in column (3) that also includes the log of affiliate sales, the log of parent R&D expenditures, and the log of parent system sales. These collectively control for the expanding demand for technology of a growing affiliate and the expanding potential supply of technology of a parent as it invests in R&D and grows. 26 The dependent variable in the specifications presented in columns (4)-(6) of Table III is 100 times the log of one plus the 26. We recognize the potential endogeneity of these variables in this context. The purpose here is not to derive structural estimates of, for instance, affiliate size on technology transfer. Rather, we only include these variables to control for parent-specific changes in technology supply and affiliate-specific changes in technology demand.
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ratio of royalty payments to sales. 27 This dependent variable is used to assess whether affiliates use technology provided by the parent more intensively after reforms occur. We find results that parallel those reported in columns (1)- (3): there is a significant effect of reform on the rate of royalty payments, and this effect is concentrated among high patent use firms. To allow for a more direct comparison with the effects reported in columns (1)- (3), it is helpful to calculate the elasticity of the royalty to sales ratio with respect to reform. Defining ratio ϭ royalties/sales and differentiating log (1 ϩ royalties/sales) with respect to reform,
where ε ratio is the elasticity of the royalty to sales ratio with respect to reform. From specification (1) we observe that ε ratio ‫ء‬ ratio is given by ␤ 4 /100, or 0.0008. Since the mean value of ratio is approximately 0.005, this implies that ε ratio is approximately 16 percent. For the high patent subsample, the implied effect of reform on log (1 ϩ ratio), based on the last two specifications, is 0.0019, which implies an elasticity of 38 percent. These values are roughly comparable to those generated by the level regressions reported in columns (1)-(3). We subject these results to a number of robustness checks. To ensure that measured responses to reforms do not simply reflect increased reporting of royalties by affiliates that face tax incentives to underreport royalties prior to reform, we include a dummy equal to one if the host country tax rate is below the U. S. tax rate and this dummy interacted with the postreform dummy. 28 We include region-year fixed effects in our regression using the five regions designated in the BEA data to control for regional factors. We drop all affiliates that report zero licensing payments. We expand the sample to incorporate affiliates in all countries-not just those that underwent reform during our sample period. We also repeat our analyses omitting Argentina and China, the countries where we have less confidence that patent reforms were effectively implemented. To address the concern that our results might be driven by pharmaceutical firms, we 27. This variable is scaled for expositional reasons. 28. We also include an interaction of the postreform dummy and the host country withholding tax rate.
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drop all affiliates in that industry. None of these alternative specifications qualitatively change our results.
IV.B. Affiliate R&D Spending
As discussed in Section II, affiliate R&D is often focused on the absorption and modification of the parent firm's technology to meet local market conditions and is hence a complement to technology imports from the parent. If IPR reform stimulates an increase in the volume of technology deployed, then it should also stimulate an increase in affiliate R&D spending. To examine this hypothesis, the analysis in Table IV examines the impact of IPR reform on affiliate R&D activity. The specifications presented parallel those presented in Table III , with the only difference being that the log of affiliate R&D expenditures and 100 times the log of affiliate R&D expenditures scaled by sales are used as dependent variables. 29 The results presented in column (1) imply a positive effect of IPR reform on the R&D spending of the average affiliate in the full sample, but this effect is only significant at the 10 percent level.
The specifications in columns (2) and (3) include the postreform dummy interacted with the high patent use dummy to test whether the effects of IPR reform are particularly concentrated among firms that make more extensive use of patents in the United States. The large positive and significant coefficients on the interaction terms imply that this is the case. For instance, the results in column (2) imply that IPR reform leads to a 23 percent increase in R&D spending by the affiliates of patent-intensive parents, and a t-test that corrects for clustering at the country level indicates that this increase is significantly different from zero at the 5 percent level. Because R&D represents a cost borne by the parent system, the coincidence of the measured increase in R&D spending with the measured increase in royalty payments suggests that at least some component of the latter represents a real increase in the deployment of technology to affiliates. Columns (4)-(6) of Table IV provide the results of specifications in which R&D expenditure is scaled by affiliate sales. The results 29. It is important to make two caveats about the R&D data. First, data on affiliate R&D expenditures were not collected from 1983-1988, so the sample does not include data from these years. Second, since many affiliates report zero values for R&D expenditures in most years, we add 1 to all observations of affiliate R&D and affiliate R&D scaled by sales and took the log of the resulting values. Robustness checks described in the text remove affiliates that do not conduct R&D from the sample. The dependent variable in the first three columns is the log of one plus the value of affiliate R&D expenditures, and the dependent variable in columns (4)- (6) is the log of one plus the ratio of affiliate R&D expenditures to affiliate sales, multiplied by 100. The Postreform Dummy is a dummy equal to one in the year of reform and in the years following the reforms identified in Table II . The High Patent Use Dummy is a dummy that is equal to one for affiliates of parents that over the four years prior to a reform average at least as many patent applications as the parent of the median affiliate in the reforming country. Host Country Corporate Tax Rate and Host Country Withholding Tax Rate are annual median tax rates paid by affiliates in a host country. Host Country Inward FDI Restrictions and Host Country Capital Controls are dummies equal to one when inward FDI restrictions and capital controls exist, and they are drawn from Brune [2004] and Shatz [2000] , respectively. Host Country Trade Openness is the index of constant price openness taken from Heston, Summers, and Aten [2002] . The Log of Host Country GDP per capita is derived from data provided in the World Bank, World Development Indicators [2003] . Log of Affiliate Sales is the log of the value of affiliate sales, and Log of Parent R&D Expenditures is the log of the affiliate's parent R&D expenditures. The Log of Parent System Sales is the log of total sales of the parent and its affiliates. All specifications include affiliate and year fixed effects as well as country-specific time trends. Heteroskedasticity-consistent standard errors that correct for clustering at the country level appear in parentheses.
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parallel those for the unscaled regressions: R&D intensity increases significantly among patent-intensive firms.
We test the robustness of these results on affiliate R&D spending in a number of alternative specifications. We incorporate region-year fixed effects into our specification. We drop observations for affiliates that report zero R&D spending. We expand the sample to include all available countries, not just those undergoing IPR reform over our sample period. We remove Japan from the sample, since it is the one country where affiliate R&D is not primarily focused on absorption and adaptation of the parent firms' technology. None of these alternative specifications qualitatively changed our results. Figure II illustrates the patterns in patent filings by foreigners and domestic residents before and after IPR reform, comparing ratios of patent filings in the years around the time of reform to the level recorded in the year immediately preceding patent reform. This figure suggests that, relative to the prereform period, patenting grows for nonresidents after reform, while remaining flat for domestic residents. This pattern is broadly con- sistent with the findings of Lerner [2002a Lerner [ , 2002b . It also implies that at least one component of the observed increase in licensing payments is connected to an increase in the volume of technology transferred.
IV.C. Resident versus Nonresident Patenting
The analysis presented in Table V measures the impact of IPR reform on patent filings by both domestic and foreign innovators. We regress the log of the counts of patent filings (resident or nonresident) on a postreform dummy, an interaction term between the postreform dummy and a time trend that measures the number of years that have passed since the reform year, country and year fixed effects, country-specific time trends, and the same country level controls used in the previous tables. Columns (1) and (2) present specifications in which the dependent variable is the log of resident patent filings. In column (1) the coefficient on the postreform dummy is indistinguishable from zero, indicating that resident patent filings do not increase when reforms occur. Column (2) shows that the postreform dummy interacted with the time trend is also insignificant, indicating that the resident patent filings do not grow after reforms.
Columns (3) and (4) present similar specifications for nonresident patent filings. There is robust evidence that these filings increase and continue to grow after reforms. The coefficient on the postreform dummy in column (3) implies an increase in nonresident filings of about 52 percent. The positive and statistically significant coefficient on the postreform dummy interacted with the time trend in column (4) implies that the number of nonresident filings grows more rapidly after reforms. This evidence is consistent with the hypothesis that multinationals do not just patent technologies that had been used prior to reforms but also transfer new technologies to reforming countries.
IV.D. Endogeneity and Timing of Reforms
Our estimation strategy treats the timing of IPR reform in a given country as exogenous, at least with respect to the activities of U. S.-based multinational firms and their affiliates. It may be that other changes that are coincident with patent reform drive both the changes in the patent regime and the measured changes in affiliate behavior. For example, once a nation reaches a certain threshold level of development, internal and external pressure may build for a stronger patent system. Alternatively, pressure by U. S. multinationals (exerted indirectly via the U. S. government) may cause countries to adopt reforms when companies have a need to increase technology transfer.
While we cannot completely rule out these alternative explanations, we can examine their plausibility more carefully. First, many explanations related to coincident changes and reverse causation predict that technology transfer begins to increase in the years prior to the date of reform. The specifications displayed The dependent variable in the first two specifications is the log of the number of patents filed in a particular country by residents of that country, and the dependent variable in the last two specifications is the log of the number of patents filed in a particular country by nonresidents. The Postreform Dummy is a dummy equal to one in the year of reform and the years following the reforms identified in Table II Heston, Summers, and Aten [2002] . The Log of Host Country GDP per capita is derived from data provided in the World Bank, World Development Indicators [2003] . All specifications include country and year fixed effects as well as country-specific time trends. Heteroskedasticity-consistent standard errors that correct for clustering at the country level appear in parentheses.
in Table VI provide more detailed estimates of the timing of changes in affiliate royalty payments, affiliate R&D expenditures, and nonresident patent filings. These specifications are The dependent variable in the first column is the log of one plus the value of royalty payments made by affiliates to their parents; the dependent variable in the second column is the log of one plus the ratio of intrafirm royalty payments to affiliate sales, multiplied by 100; the dependent variable in the third column is the log of one plus the value of affiliate R&D expenditures; and the dependent variable in the last specification is the log of the number of patents filed in a particular country by nonresidents. Reform (t Ϫ 4) is a dummy that is equal to one for observations from four or more years before a reform. Reform (t ϩ 4) is equal to one for observations from four or more years after a reform. Other reform dummies are equal to one in particular years relative to reform. As controls, each specification includes the Host Country Corporate Tax Rate, Host Country Withholding Tax Rate, Host Country Inward FDI Restrictions, Host Country Capital Controls, Host Country Trade Openness, and the Log of Host Country GDP per Capita. Specifications (1)-(3) include affiliate and year fixed effects, and specification (4) includes country and year fixed effects. Heteroskedasticity-consistent standard errors that correct for clustering at the country level appear in parentheses.
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QUARTERLY JOURNAL OF ECONOMICS similar to those described above, but they do not include countryspecific time trends, and they yield coefficient estimates for a set of dummy variables that correspond to periods of fixed length before and after reform. The Reform (t Ϫ 4) dummy is equal to one for all years that predate the reform by four or more years and is equal to zero in all other years, and the Reform (t ϩ 4) dummy is equal to one for all years at least four years after reform and zero during other years. The other reform dummies are equal to one in specific years relative to reform and zero during other years. There is no dummy for the year immediately preceding reform (i.e., year t Ϫ 1); the coefficients on the reform dummies provide estimates relative to that year.
Columns (1) and (2) present specifications using royalty payments and scaled royalty payments, respectively, as the dependent variable. The results indicate that while the coefficients on the dummies for years prior to reform are negative, they are all insignificant and fail to show any evidence of a clear upward trend prior to reform. The coefficients on the dummies for the year of reform are positive but insignificant, and the dummies for the years after reform are large, positive, and significant. Thus, the estimated timing of changes is consistent with a shift in activities that follows soon after the enactment of reform. A fairly rapid reaction is reasonable. Our sample of U. S. multinationals includes firms that possess a portfolio of technologies employed around the world and that are familiar with strong patent system environments. While indigenous firms might require some time to adjust to a strong IPR regime with which they have no previous experience, it is plausible that our U. S. multinationals could respond quickly, redeploying their existing technologies to take advantage of opportunities created by the new regime.
Column (3) presents results of a specification using the log of affiliate R&D expenditures as the dependent variable. Again, there is no clear upward trend prior to reforms, and the postreform coefficients are, with one exception, larger than the prereform coefficients. The postreform coefficients are jointly significant and suggest a substantial postreform increase in R&D spending, though the relationship between patent reform and the timing of measured changes in affiliate activity does not appear to be as clear as it is for technology transfer. 30 The dependent
